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1. Introduction

Construction projects, characterized by their intricate
nature and high interdependence of components, are
perpetually plagued by challenges such as delays, rework,
and cost fluctuations. This research is formulated to model
and simulate the System Dynamics (SD) governing these
projects within the Iranian context. The primary objective
is to identify the underlying feedback structures, critical
variables, and complex interactions that indirectly
influence  productivity and project duration. A
comprehensive literature review highlighted a gap: despite
the existence of SD models for analyzing delay factors or
the impact of BIM, no holistic model specifically
addresses the dynamic structures of Iranian projects,
focusing on managerial and financial factors (e.g.,
liquidity and payment delays). This identified gap serves
as the main motivation for this study.

2. Methodology
The research methodology is firmly rooted in System
Dynamics (SD) Modeling. This approach enables the
representation and simulation of system behavior over
time, particularly in the face of delays and complex
feedback loops. The model is constructed based on six key
causal and feedback loops. These loops illustrate factors
such as the iterative effect of remaining work on the
demand for resources (machinery and manpower), the
impact of reduced safety compliance on legal and
contractual issues, and most crucially, the relationship
between payments to the contractor, employee
motivation, productivity, and the work progress rate.
Variables such as the number of machinery, machinery
efficiency, workspace size, maintenance, and resource
allocation are incorporated to provide a comprehensive
picture of the project’s operational flow (Fig 1).

The structural and behavioral validity of the developed
SD model was examined through a multi-phase
verification process. Initially, the causal loop diagrams

were refined based on experts’ feedback, followed by
sensitivity analysis and behavioral comparison between
the simulated results and real project data from Iranian
construction cases. The modeling process in Vensim PLE
consisted of qualitative and quantitative stages, where
mathematical formulations were derived for each stock
and flow variable to represent the dynamic
interdependencies among financial resources, workforce
motivation, training, and contractual issues. In this study,
the accuracy of the model was investigated by structural
analysis test, structural behavior test, ultimate limit test,
and reference behavior reconstruction test. Fig 2 shows the
accuracy and validity of the model based on the structural
evaluation test. This level of validation ensures that the
model reliably reproduces the actual behavior of
construction projects and serves as an effective analytical
tool for testing managerial policies in nonlinear and
complex environments.

3. Findings and Scenario Analysis

System behavior was simulated under Scenario One

(Current  Conditions) to benchmark the baseline

performance of key variables. Subsequently, two policy-

driven scenarios were examined:

1. Scenario Two (Personnel Rigor): This scenario
assumed reductions in training, R&D investment, and
the ratio of salary to work volume, coupled with a
significant increase in employer delays in payments
(up to 60 days). Results indicated that while delayed
payments directly affect the contractor’s liquidity and
morale, the reduction in investment in training and
R&D introduces long-term detrimental effects on
quality and the rate of correct work completion.

2. Scenario Three (Impact of Employer’s Refusal to
Change Execution Method): This scenario focused on
the consequences of the employer’s inflexibility in
adopting optimized execution methods, which
directly strains the budget and schedule.
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Scenario analysis revealed that the project behavior
exhibits a markedly nonlinear response to managerial and
operational parameters. Even slight improvements in
workforce training and motivation can lead to significant
acceleration in project completion, while managerial
interferences or frequent scope changes tend to accumulate
and amplify delays over time. These insights highlight that
preventive and stability-oriented policies—such as
maintaining scope consistency, strategic human resource
planning, and performance- based management—are far
more effective than reactive measures once delays have
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occurred. The developed system dynamics model, through
simulating these complex interactions, provides a robust
decision-support environment for testing managerial
strategies prior to implementation, enabling project
managers to assess potential impacts on productivity,
quality, cost, and schedule in a controlled simulation
space.

The findings strongly suggest that stable and timely cash
flow to the contractor acts as a vital balancing loop capable
of moderating the adverse effects stemming from initial
poor design quality or necessary rework.
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4. Conclusion and Future Directions

The developed model provides a robust framework for
understanding the dynamics of construction delays in Iran.
For future studies, further model refinement is strongly
recommended, including the detailed modeling of
procurement risks, macroeconomic conditions, and the
integration of this SD model with other approaches like
Building Information Modeling (BIM) to quantify the
benefits derived from reducing design errors.

In future research, expanding the proposed SD
framework through integration with Building Information
Modeling (BIM) and Artificial Intelligence (Al) can
substantially enhance managerial insight into the complex
dynamics of construction projects. The coupling of SD

with BIM allows dynamic behaviors to be visualized
within a three-dimensional project environment,
facilitating more accurate prediction of delays, activity
interferences, and the consequences of operational
decisions. Moreover, applying machine learning
algorithms to automatically calibrate model parameters
will improve adaptability and predictive accuracy based on
real project data. This extension will pave the way for an
intelligent decision-support system, capable of assisting
managers in strategic planning and performance
optimization across large-scale infrastructure projects.
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System Dynamic Based Project Duration Simulation of Construction Projects

Yaghoub Alipouri Zahra Tajabadi

Abstract In this study, after identifying the factors and parameters affecting the duration of construction projects, the
system thinking approach and system dynamics method are used to find the root causes, relationships and feedback
between the factors. Library studies were used to identify the factors affecting the duration of the projects and Delphi
interviews with 22 experts were used to improve and supplement these factors. Then, a conceptual model based on causal
loops is presented to better understanding of the relationships between variables. Afterwards, using the approach
governing the system dynamics method, a flow diagram is compiled to better understand and learn and also to more
dynamic analysis of the research problem. The accuracy of the accumulation flow model has been measured with some
tests, including reviewing and evaluating the behavior and structure of the model, and also four main scenarios were
formulated for implementing different executive policies. Based on the results, the behavior and performance of the model
have been evaluated and analyzed. The results obtained from the evaluations confirm the correct performance of the
proposed model. Simulation results across four scenarios demonstrated that the most effective levers for project
acceleration are the minimization of owner-driven scope/method changes and the strategic investment in human resource
development (training and fair compensation), which significantly mitigate project delays by improving system efficiency.
It is hoped that the understanding gained from this learning system will provide the necessary basis for making better
and more efficient decisions in the field of project time

Key words Scheduling program, Project management, Systems dynamics, Causal loops, Construction projects.
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